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Abstract
District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 
Thermal energy recovery systems, based on thermoelectric generator (TEG) units, used in the internal combustion engine (ICE) 
vehicles, enable recovery of wasted heat energy, gener ted from the combustio  process by nverting it into electrical energy. 
Recovery systems are placed into the exhaust subsystems, just before and after the catalytic converters, where temperatures range 
is from 200 °C to 400 °C. This modest arrangement is a result of TEG units working temperatures and limitations. In the early 
stages TEG units were placed into the exhaust mufflers where the temperatures are around 200 °C. This paper is a report on the 
green transportation project that carries on from the previous research, testing and validation conducted in the School of 
Engineering. We investigated process where, the exhaust port of the engine cylinder head was identified as an optimal location to 
place the latest technology, high temperature, TEG units. Maximum working temperature of these new devices is 850 °C so that it 
is safe to place them into the exhaust port of the cylinder head, where the temperatures are around 800 °C.  
 
© 2018 The Authors. Published by Elsevier Ltd. 
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1. Introducti n 
Research, conducted on energy recovery, was a continuation of our stu ies into the behaviour and performance of 
the TEG units [1, 2] and previous research conducted at RMIT University [3]. Intensive research is currently directed 
for various engineering systems, from automotive engineering to larger scale applications like industrial boilers and 
heat exchangers [4]. Recently reported research is going further using human body heat as energy source for mobile 
devices [5]. Thermoelectric waste heat recovery in commercial vehicles is reported for heavy duty vehicles as well 
[6]. Electrical motors used in electrical vehicles also generate heat that is wasted. TEG systems could be used in this 
scenario, as already reported [7].  
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Our research described here, verifies that it is possible to place new technology TEGs into the exhaust port of the 
engine, where temperatures reach around 800 °C. Natural cooling of the TEG units is achieved using engine coolant, 
while heating is accomplished from the waste exhaust heat. First of all, we have performed simulations, in order to 
define the optimal placement and design of the TEG subsystem for ICE vehicles. The findings are that, a theoretical 
electrical power output of 215W could be achieved for a 6 cylinder engine, with new 5 TEG unit design applied to 
each cylinder. For larger truck engines, with the use of 10 of the 65 x 65 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚2  high performance TEG units, a 
theoretical output could reach 738W per cylinder.  
As per manufacturer’s specifications, theoretical maximum of 215W could be achieved at the working temperature 
of 850 °C, if the temperature difference is 750 °C.  
 
𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 ,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 7,17 𝑊𝑊𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 ∙ 5 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 ∙ 6 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 215.1 𝑊𝑊𝑊𝑊.                                                                                            (1) 
 
Equation 1 is used to calculate the maximum power output with a 5 TEG unit configurations working at 850 °C. A 
broad prediction of 738W is given as an example for the 65 x 65 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚2 high performances, oval designed, 10 TEG 
units subsystem, applied per cylinder, as seen below.   
 
𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 ,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 12.3 𝑊𝑊𝑊𝑊𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 ∙ 10 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡𝑡𝑡 ∙ 6 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 738 𝑊𝑊𝑊𝑊.                                                                                             (2) 
Predicted maximum power output of the new 10 TEG units configuration is at the temperatures of 800 °C. The design 
should be placed into the exhaust port of the engine cylinder head. TEG electrical model and test circuit is shown in 
the Fig. 1. TEG generated voltage, V, is proportional to the temperature difference from the hot Th and the cold side 
Tc of the unit.  
 
  𝑉𝑉𝑉𝑉(𝑡𝑡𝑡𝑡) = 𝛼𝛼𝛼𝛼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑇𝑇𝑇𝑇ℎ − 𝑇𝑇𝑇𝑇𝑐𝑐𝑐𝑐)                                                                                                                                      (3) 
 
Where 𝛼𝛼𝛼𝛼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 is Seebeck coefficient.  
 
 
Fig. 1. TEG unit equivalent electrical circuit, and load circuit, with the internal Rteg and load resistances Rload,  
where αPN is Seebeck coefficient and Th and Tc are hot and cold side temperatures. 
 
Power available from a single TEG unit is  
   𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑉𝑉𝑉𝑉𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙2𝑅𝑅𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙                                                                                                                                             (4) 
 
And for the case of 6 cylinders ICE with 5 TEGs attached to each it is total of 30∗ 𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 . The rest of the paper describes 
simulations, design and testing of the new TEG subsystem and gives conclusions.  
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2. Flow simulation modeling  
To investigate new design concept, Computational fluid dynamics (CFD) thermal flow simulation modelling and 
analysis study was carried out, using the input boundary conditions, exhaust back pressure, mass flow rate, exhaust 
temperatures and thermal conductivity of a conventional engine. Boundary conditions were used to represent a true 
engine exhaust heat transfer system [8]. Equations 5 and 6 give thermal conversion efficiency of incomplete 
combustion, used for exhaust system modelling. CFD model was used to monitor heated exhaust gases flow rate, and 
temperature distribution, into the aluminium metal body of the proposed TEG unit assembly. Efficient and effective 
thermal transfer from the exhaust gases is required to maximise electrical power output from the TEG units. CAD 
simulation results, given in Fig 2, show the temperature of the exhaust gases that are travelling through the novel TEG 
unit assembly, at temperatures greater than 800 °C, before entering into the simulated exhaust pipe. Cartesian method 
is used to produce a fine smooth model mesh for effective heat transfer into the model surface.  
 
 
Fig. 2. Exhaust gas traveling through the TEG unit assembly and exiting into the exhaust pipe. 
Applying the 1st law of thermodynamics for a control volume, we have configured scenario of air and fuel mixture 
entering the engine, with exhaust gases released from the engine, with one inlet and one outlet. Energy, E, in the 
exhaust system, during and after the combustion process, is established from the net chemical energy release. The 
thermal conversion efficiency takes into account the incomplete combustion process which relates to the actual work 
per cycle of fuel chemical energy released in the combustion process, using the calculation below, Equation (5):  
 
𝜂𝜂𝜂𝜂𝑡𝑡𝑡𝑡 =  𝑊𝑊𝑊𝑊𝑐𝑐𝑐𝑐𝐻𝐻𝐻𝐻𝑅𝑅𝑅𝑅 (𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴)− 𝐻𝐻𝐻𝐻𝑃𝑃𝑃𝑃 (𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴) =  −  𝑊𝑊𝑊𝑊𝑐𝑐𝑐𝑐(∆ 𝐻𝐻𝐻𝐻)𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴 =  𝑊𝑊𝑊𝑊𝐶𝐶𝐶𝐶𝜂𝜂𝜂𝜂𝐶𝐶𝐶𝐶 𝑚𝑚𝑚𝑚𝑓𝑓𝑓𝑓 𝑄𝑄𝑄𝑄𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻                                                           (5) 
The thermal conversion efficiency is represented by 𝜂𝜂𝜂𝜂𝑡𝑡𝑡𝑡 for the combustion process, work generated from the air and 
fuel mixture burning is represented by, 𝑊𝑊𝑊𝑊𝑐𝑐𝑐𝑐 . Ambient temperature is represented as (𝑇𝑇𝑇𝑇𝐴𝐴𝐴𝐴). Work from the combustion 
chamber is used to find out the combustion chamber efficiency 𝜂𝜂𝜂𝜂𝑐𝑐𝑐𝑐 and fuel energy supplied to the control volume 
around the engine which can be released 𝑚𝑚𝑚𝑚𝑓𝑓𝑓𝑓𝑄𝑄𝑄𝑄𝐻𝐻𝐻𝐻𝑉𝑉𝑉𝑉. In the equation (6), 
 
𝑇𝑇𝑇𝑇�ℎ =  �� ?̇?𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝 𝑇𝑇𝑇𝑇𝑔𝑔𝑔𝑔𝑑𝑑𝑑𝑑0𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸
𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸
� / �� ?̇?𝑚𝑚𝑚𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝 𝑑𝑑𝑑𝑑0𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸
𝑇𝑇𝑇𝑇𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸
�                                                                                                           (6) 
 
were 𝑇𝑇𝑇𝑇�ℎ represents enthalpy-averaged temperature of the exhaust thermal mass flow, 𝐸𝐸𝐸𝐸𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸 is the closing of the valve 
and 𝐸𝐸𝐸𝐸𝑉𝑉𝑉𝑉𝐸𝐸𝐸𝐸 represents the opening of the valve time instance. The mass flow rate in the exhaust system is expressed by 
?̇?𝑚𝑚𝑚, the specific heat at constant pressure in the exhaust is represented by 𝑐𝑐𝑐𝑐𝑝𝑝𝑝𝑝 and 𝑑𝑑𝑑𝑑is the diameter.  
Test results, obtained from the 800 °C input flow simulation modelling, indicated that the inner surface of the 
aluminium TEG unit assembly reached a maximum temperature of 808 °C and an average temperate of 770 °C. This 
showed that, with the same boundary conditions, as seen in a real engine exhaust system, defined by the temperature, 
mass flow rate and back pressure, it is possible to use engine exhaust gas heat as an reasonable input energy source 
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for the TEG units. Thermal heat transfer temperature, distributed to the hot side of the TEG unit, is critical for the 
operation and overall efficiency of the system. The 800 °C input flow simulation results displayed effective and 
efficient temperature distribution into the TEG unit at an average temperature of 640 °C and a maximum temperature 
of 690 °C. Simulation analysis also indicated a consistent and even thermal heat transfer through the TEG unit. 
Average temperature of the cold side of the TEG substrate was 152 °C in the simulation.  
3. Experimental testing of the new concept design  
 Modelling and simulation results were validated through the experiments that involved heat gun as power source, 
novel design of the TEG subsystem and data acquisition hardware and software. Test rig components can be seen on 
Fig. 3 and Fig.4. At the completion of the simulation analysis, further study was carried out at 630 °C to match the 
heat gun temperature. One of the challengers we encountered was transferring the hot air from the heat gun round 
nozzle to an oval shape of the TEG unit assembly. It required an effective transfer of heat through the TEG unit 
assembly with minimum to no additional resistance.  The simulation results with an air flow temperature input of 630 
°C, displayed an average temperature inside the TEG assembly of 558 °C, which is transferred to the TEG unit. The 
maximum was 602.11 °C as an input into the TEG unit. It was resulting in good thermal heat transfer and a TEG cold 
side temperature average of 135.44°.  
There are number of physical limitations which influence this experiment, restrict the thermal heat transfer and 
performances of the TEG system. They are: input boundary conditions used in this experiment, which revolve around 
the heat source equipment, lack of the density, flow rate and pressure required to maximise the TEG unit performances. 
The heat gun properties influenced the material selection for the experiment. Because of the temperature applied to 
the material, the mass flow rate was significantly lower than in a conventional engine and the same was with the 
density of the heat source. The use of an industrial furnace was considered for this experiment at 800 °C, to overcome 
the heat gun limitations. Furnace was not used due to the safety concerns, based around very high air temperatures 
and gases flowing out of the furnace. Hot air mass flow rate for the experiment required a consistent flow through the 
TEG unit assembly to prevent excessive build-up of hot gas in the TEG unit assembly. With the equipment restrictions 
and low flow rates not meeting the boundary conditions of an engine, the decision was made not to use aluminium. 
The build-up of gases in the TEG unit assembly could have destroyed the assembly, or damaged the expensive high 
temperature TEG units after their maximum 850 °C limit was reached.  
Finally, plain mild steel was selected, needed as a proof of concept, to convert thermal waste heat into electrical 
power from high performance TEG units. Steel has a much lower conductivity rate of 43 W/mK when compared to 
aluminium at 220 W/mK. Generally, modern engine cylinder heads and the exhaust port are constructed from 
aluminium, resulting in much better thermal conductivity and heat transfer. The advantage of using steel, for the 
experiment, was the ability to weld the heat gun adapter to the oval shape of the TEG unit assembly, providing a 
sealed connection as shown in Fig.3. It also provided some protection to the TEG unit with the melting point of 
aluminium 660 °C. TEG units are mounted to the TEG unit assembly, by the means of aluminium plating attached to 
the cold side of the TEG unit for cooling [9] [10].  
 
 
Fig. 3. TEG assembly  
Evaluation of the TEG unit assembly was carried out during the testing process, to measure the heat produced from 
the heat gun, and ensure the flow did not encounter any interferences or restrictions, as seen in Fig.4(b). TEG unit 
assembly was raised to allow cooling through the clamping brackets. Cooling of the system occurred by applying 
compressed air to the top and bottom of the TEG units assembly. Compressed air flow is regulated by a valve operated 
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for the TEG units. Thermal heat transfer temperature, distributed to the hot side of the TEG unit, is critical for the 
operation and overall efficiency of the system. The 800 °C input flow simulation results displayed effective and 
efficient temperature distribution into the TEG unit at an average temperature of 640 °C and a maximum temperature 
of 690 °C. Simulation analysis also indicated a consistent and even thermal heat transfer through the TEG unit. 
Average temperature of the cold side of the TEG substrate was 152 °C in the simulation.  
3. Experimental testing of the new concept design  
 Modelling and simulation results were validated through the experiments that involved heat gun as power source, 
novel design of the TEG subsystem and data acquisition hardware and software. Test rig components can be seen on 
Fig. 3 and Fig.4. At the completion of the simulation analysis, further study was carried out at 630 °C to match the 
heat gun temperature. One of the challengers we encountered was transferring the hot air from the heat gun round 
nozzle to an oval shape of the TEG unit assembly. It required an effective transfer of heat through the TEG unit 
assembly with minimum to no additional resistance.  The simulation results with an air flow temperature input of 630 
°C, displayed an average temperature inside the TEG assembly of 558 °C, which is transferred to the TEG unit. The 
maximum was 602.11 °C as an input into the TEG unit. It was resulting in good thermal heat transfer and a TEG cold 
side temperature average of 135.44°.  
There are number of physical limitations which influence this experiment, restrict the thermal heat transfer and 
performances of the TEG system. They are: input boundary conditions used in this experiment, which revolve around 
the heat source equipment, lack of the density, flow rate and pressure required to maximise the TEG unit performances. 
The heat gun properties influenced the material selection for the experiment. Because of the temperature applied to 
the material, the mass flow rate was significantly lower than in a conventional engine and the same was with the 
density of the heat source. The use of an industrial furnace was considered for this experiment at 800 °C, to overcome 
the heat gun limitations. Furnace was not used due to the safety concerns, based around very high air temperatures 
and gases flowing out of the furnace. Hot air mass flow rate for the experiment required a consistent flow through the 
TEG unit assembly to prevent excessive build-up of hot gas in the TEG unit assembly. With the equipment restrictions 
and low flow rates not meeting the boundary conditions of an engine, the decision was made not to use aluminium. 
The build-up of gases in the TEG unit assembly could have destroyed the assembly, or damaged the expensive high 
temperature TEG units after their maximum 850 °C limit was reached.  
Finally, plain mild steel was selected, needed as a proof of concept, to convert thermal waste heat into electrical 
power from high performance TEG units. Steel has a much lower conductivity rate of 43 W/mK when compared to 
aluminium at 220 W/mK. Generally, modern engine cylinder heads and the exhaust port are constructed from 
aluminium, resulting in much better thermal conductivity and heat transfer. The advantage of using steel, for the 
experiment, was the ability to weld the heat gun adapter to the oval shape of the TEG unit assembly, providing a 
sealed connection as shown in Fig.3. It also provided some protection to the TEG unit with the melting point of 
aluminium 660 °C. TEG units are mounted to the TEG unit assembly, by the means of aluminium plating attached to 
the cold side of the TEG unit for cooling [9] [10].  
 
 
Fig. 3. TEG assembly  
Evaluation of the TEG unit assembly was carried out during the testing process, to measure the heat produced from 
the heat gun, and ensure the flow did not encounter any interferences or restrictions, as seen in Fig.4(b). TEG unit 
assembly was raised to allow cooling through the clamping brackets. Cooling of the system occurred by applying 
compressed air to the top and bottom of the TEG units assembly. Compressed air flow is regulated by a valve operated 
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tap, connected to the side of the fixture. The C shape pipes direct high pressure air to the TEG units’ cooling plate. 
Fig 4(a) presents test matrix, showing all relevant physical variables boundary conditions monitored.  
 
 
Fig. 4. (a) Test matrix boundary conditions; (b) TEG assembly, heat gun and C shape pipes. 
Temperature measurements, using thermocouples, confirmed that the air was traveling through the centre of the 
assembly and not allowing the TEG unit assembly to warm up the mild steel outer surface area to the required 630 
°C. Flow from the heat gun needed to be channelled with a wider cone diffuser which was increasing the flow angle 
to represent a turbulent air flow, as seen in a real engine exhaust system. The heat gun mass flow rate requires 
significant improvement from a larger heat gun energy source. Heat gun energy source is rated to 2000 W and requires 
upgrading to between 3000 W – 5000 W for the further concept design testing.  
Volumetric flow rate of 500 l/min, which corresponds to a mass flow rate of 0.0102 Kg/s, equates to 1/13 of an 
actual engine exhaust flow rate at the modest 2000 rpm. The heat gun generated a flow which travels through the TEG 
unit assembly, and was not heating up the outer surfaces of the assembly. A diffuser was constructed and placed into 
the TEG unit assembly to overcome the straight line heat air flow generated from the heat gun. The diffusor channelled 
the incoming heat gun hot air flow to the outer edges of the TEG unit assembly. The diffusor has two cut out holes at 
the end of the TEG unit assembly, allowing the heat gun hot air to escape and create an effective flow.  
Experiment, presented here, was used to confirm and validate the principles of converting the engine exhaust gases 
heat into electricity by the means of heat transfer into the especially designed TEG unit subsystem. Heated air flow 
temperature at the end of the TEG unit assembly reached 530 °C. Cold side temperature, of the TEG unit, was 
maintained at an average of 25 °C, provided by the C shaped compressed air pipes directly cooling the TEG unit cold 
side plate. Performances of the TEG units reached the modest output of 0.8 Volts per unit as expected. Test results 
displayed a consistent thermal heat transfer into the assembly with surface temperatures of the TEG unit raised to 400 
°C. The cooling side of the TEG unit was recorded at 140 °C, producing a temperature difference of 260 °C.  
Conductivity of the TEG assembly could be improved by using aluminium. Test equipment requires performance 
upgrading to overcome the low flow rate generated from the heat gun, non-turbulent flow, insufficient input power 
and flow density from the heat gun.  
3. Conclusions 
Presented investigation, through the simulations and experimentation, provides useful validation of our new system 
design, based on the modern TEG units’ performances, and an insight into the new applications that enables better 
energy recovery.  
In our research we have established that it is possible to place a new designed oval, or surface profile shaped TEG 
unit subsystem, into the exhaust port of the engine, without interfering with the exhaust gas flow. The research has 
established that it is possible to recover a proportion of the waste heat generated during the combustion process, 
released through the exhaust port of the cylinder head. We have established this through CAD modelling and CFD 
analysis to evaluate the thermal heat transfer into the new TEG unit assembly. To prove the concept of design, an 
experimental test model was built allowing high temperature air flow to travel through the assembly and transfer some 
of the waste energy into the hot side of the TEG units. The overall performance of the novel TEG system could be 
estimated having in mind that our experimental energy source, i.e. heat gun flow rate boundary conditions, generate 
just 1/13 of an actual engine heat flow rate. Limiting factors revolve around the low flow rate and operational 
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temperatures, very close to the melting temperature of aluminium (660 °C), which may damage the TEG units. Plain 
mild steel was selected for the project, for the proof of concept, to convert thermal waste heat and energy into electrical 
energy.  
This research will continue to develop new TEG unit designs and configurations on the real engines. In addition to 
that, waste energy recovery project will be expanded to include heavy duty vehicles, submarines, as well as all sorts 
of hybrid and electrical vehicles. Recovering any amount of waste heat energy from ICEs, or other engines, gives 
contribution to minimise CO2 pollution, by using a smaller amount of non-renewable fossil fuels and enabling better 
environment protection. Thermo electric generator modules are especially interesting for the applications in hybrid 
ICE and EV vehicles. Recovered energy, converted to electrical, could be stored in battery storage system, after DC-
DC conversion and later used to run the vehicle in EV mode.  
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